Abstract DNA repair systems are essential for cellular functions. Defects due to sequence variations in DNA repair genes can lead severe failure of cell functions and causing many cancer types including leukemia. The aim of this study was to investigate the relationship between XRCC1 Arg399Gln and XRCC3 Thr241Met polymorphisms and susceptibility to chronic lymphocytic leukemia (CLL) in Turkish patients. In addition, genotype distribution of these polymorphisms was compared with other populations. The frequencies of Arg399Gln and Thr241Met single nucleotide polymorphisms were studied in 25 CLL patients and 30 healthy individuals. Single nucleotide polymorphisms were genotyped by PCR-RFLP method. The genotype and allele frequencies of Arg399Gln and Thr241Met polymorphisms were not statistically different between the CLL patients and control group. The allelic frequency similarities were found between Turkish and Brazilian populations for Arg399Gln polymorphism. On the other hand, similarities were found between Turkish and other Caucasian populations for Thr241Met polymorphism. Marked differences were observed between American African versus Turkish and Chinese versus Turkish populations for Arg399Gln and Thr241Met polymorphisms respectively. These results indicate that Arg399Gln and Thr241Met polymorphisms were not associated with the development of CLL in Turkish population and ethnic differences is one of the most important factor for allele frequency differences.
Introduction
DNA repair systems maintain genome integrity and protect DNA from damage, due to both endogenous and exogenous sources [1, 2] . Defects in repair pathways lead severe failure of cell functions resulting in many different types of diseases, including leukemia [3] . Polymorphisms in DNA repair genes may result in deficient DNA repair, which in turn leads to increased cancer susceptibility [4] .
There are various mechanisms of DNA repair. XRCC (Xray cross-complementing) genes have played an important role in mammalian DNA repair processes. They protect mammalian cells from damage caused by ionizing radiations [5] . DNA repair protein XRCC1 functions in the repair of single-strand DNA breaks in mammalian cells and forms a repair complex with DNA ligase III, polymerase beta and poly (ADP-ribose) polymerase (PARP) to participate in the base excision repair pathway [6] . XRCC3 encodes a member of the RecA/Rad51-related protein family that participates to maintain chromosome stability and repair DNA damage.
Recently, association studies between XRCC polymorphisms and different types of cancers including hematological malignancies have been performed [2, [7] [8] [9] [10] [11] [12] [13] [14] . However, depending on cancer type and ethnic groups, the risk genotype of these polymorphisms are controversial [14] . In human; within 80 genes, which are related to DNA repair pathways, over 400 single nucleotide polymorphisms (SNPs) were characterized [15] . The Arg399Gln (rs25487) polymorphism (G ? A at nucleotide 28152 in exon 10, Arg ? Gln at codon 399) in the XRCC1 gene occurs in the PARP binding domain. This amino acid substitution occur in evolutionary conserved regions suggesting potential functional significance [16, 17] . Most important polymorphism identified for XRCC3 gene is Thr241Met (rs861539) polymorphism (C ? T at nucleotide 18607 in exon 7, Thr ? Met at codon 241) which may affect the coding enzyme's function and/or its interaction with other proteins involved in the DNA repair. Some studies demostrated that Thr241Met variant allele is associated with relatively high DNA adduct levels in lymphocyte DNA, indicating relatively low DNA repair capacity [16, 18] .
In this study, we investigated the relationship between Arg399Gln and Thr241Met polymorphisms in CLL patients and in controls to determine the association between these polymorphisms and disease outcome in Turkish patients. The reason of chosing XRCC1 Arg399Gln and XRCC3 Thr241Met SNPs is due to their position in the evolutionary conserved regions and having a potential functional significance in the protein structure. On the other hand, both of them are mostly studied polymorphisms in cancer susceptibility including hematological malignancies but having contraversial results. In addition, the genotype distribution of these polymorphisms was compared with other populations that were reported previously.
Materials and Methods

Study Subjects
Twenty five unrelated CLL patients diagnosed clinically and according to peripheral blood and/or bone marrow evaluation and immunophenotyping at Gülhane Military Medical Academy. The immunophenotype of typical B cell CLL includes the coexpression of weak monotypic surface immunoglobulin, CD5, CD19, CD23 and weak or absent CD79B, CD22 and FMC7 markers [19] . Control group of 30 unrelated healthy volunteers frequency-matched to the patients by age and sex. The controls were also patients at Gülhane Military Medical Academy but none of them has no history of cancer. Both patients and control cases were military personel and selected from different geographic regions of Turkey in order to represent a homogenous Turkish population. Peripheral blood samples collected from both patients and control cases for genomic DNA isolation. Consent of local ethics committee obtained from Gülhane Military Medical Academy. The study was conducted in accordance with the guidelines of the Declaration of Helsinki.
DNA Isolation and Polymerase Chain Reaction (PCR)-Restriction Fragment Length Polymorphism (RFLP)
Genomic DNA was isolated from peripheral blood of patients and of controls by phenol-chloroform procedure. The Arg399Gln and Thr241Met SNPs were genotyped by using PCR-RFLP method. Primer sequences, restriction enzymes and fragment lenghts are given in Table 1 . DNA amplification was carried out under similar conditions for both of the polymorphisms on a Techne TC-512 PCR system in a 50 ll reaction mixture containing 109 PCR Buffer (MBI Fermentas), 25 mM magnesium chloride (MBI Fermentas), 200 lM of dNTP (Sigma, St. Louis, MO), 10 pmol of forward (F) and reverse (R) primers (Iontek, İstanbul, Turkey), 0,5 lU Taq DNA Polymerase (MBI Fermentas) and 50 ng genomic DNA. The PCR cycling conditions consisted of an initial denaturation step at 95°C for 5 min followed by 40 cycles of 95°C for 1 min, 60°C for 1 min, 72°C for 1 min and final extension step at 72°C for 5 min. Then 10 ll PCR products of XRCC1 (403 bp) and XRCC3 (456 bp) was digested with 10 U Msp I and Nla III restriction endonuclease enzyme (New England Biolabs, Hertfordshire, UK) respectively with 4 h incubation at 37°C. The digested and undigested PCR products were seperated on a 2,5 % agarose gel electrophoresis at 120 V, stained with ethidium bromide (0,5 ug/ml) and visualized under a UV transilluminator (Vilber Lourmat, Marne-la-Vallée, France).
Statistical Analysis
The Statistical Package for Social Sciences (SPSS) version 16.0 software was used for the statistical analysis. The frequencies of XRCC1 and XRCC3 alleles and genotypes were obtained by direct count, and the departure from the Hardy-Weinberg equilibrium was evaluated by the v 2 analysis. Statistical significance was defined as P \ 0.05. Odd ratios (OR) with a confidence of interval (CI) of 95 % were calculated for the comparison of the allele frequencies observed in patients and controls.
Results
Genotypes of the CLL patients and controls were determined by using PCR-RFLP genotyping methodology for Arg399Gln and Thr241Met polymorphisms. Figures 1 and 2 show the gel photographs which contain DNA fragments representing homozygote wild type, heterozygote and homozygote mutant genotype for both of the polymorphisms. XRCC1 gene polymorphism (Arg399Gln) in CLL patients and control group subjects were listed in Table 2 . Among the CLL patients 32 % were found to be homozygote for wild (GG) type, 44 % were heterozygote (GA) and 24 % were homozygote mutant (AA) type. The G allele frequency was 54 % and A allele was 46 %. Among the control group subjects, 40 % were found to be homozygote for wild type, 27 % were heterozygote and 33 % were homozygote mutant type. The G allele frequency was found as 53 % whereas A allele frequency was 47 %. Table 3 shows XRCC3 gene polymorphism (Thr241Met) in CLL patients and control group subjects. The Thr241Met genotype frequencies in CLL patients and controls were found higly similar. In both of the groups, approximately 37 % were found to be homozygote wild type, 47 % heterozygote and 16 % were homozygote mutant. The C allele frequency of the CLL and control group was 60 % and the T allele frequency was 40 %.
The allele frequencies of both of the polymorphisms were consistent with Hardy-Weinberg equilibrium (P = 0.69 for Arg399Gln, P = 1.0 for Thr241Met). The genotype and allele frequencies of Arg399Gln and Thr241Met polymorphisms were not statistically different between the CLL patients and control group (P [ 0.05). Carrying mutant allele, 399Gln or 241Met, was not associated with the risk of CLL when compared patients with controls (OR 1.133; 95 % CI 0.762-1.686 for 399Gln and OR 1.129; 95 % CI 0.735-1.735 for 241Met). These results indicate that Arg399Gln and Thr241Met polymorphisms were not associated with the development of chronic lymphocytic leukemia in Turkish population.
In the second part of the study, 25 CLL patients and 30 control group subjects were estimated together forming a Turkish population of 55 individuals. The genotype and allele frequencies of Arg399Gln and Thr241Met polymorphisms were determined in Turkish population and compared with other populations reported in the literature previously (Tables 4 and 5) .
Discussion
There are a lot of studies in the literature about DNA repair gene polymorphisms and their association with different types of cancers. However, the results are contradictory [2, 7, [9] [10] [11] [12] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . Moreover, the effect of genetic polymorphisms on the risk of cancer development may vary from one population to the other due to exposed carcinogenes, and differences in genotype and allele frequencies [14] .
In the present study, we investigated the association between Arg399Gln and Thr241Met polymorphisms and chronic lymphocytic leukemia in Turkish population. Both Arg399Gln and Thr241Met polymorphisms occur in evolutionary conserved regions, so they are suggesting to have a potential functional significance in the protein structure. However, our results suggest that independently Arg399Gln and Thr241Met polymorphisms do not associate with the development of CLL in Turkish population. In addition carriers of both of the polymorphic alleles had not an elevated risk of CLL.
According to the literature, an increased risk related to the Arg399Gln polymorphism was found for acute myeloid leukemia in Egyptian patients [10] , chronic myeloid leukemia in India population [7] , acute lymphoblastic leukemia in Asian populations [30] , pancreatic adenocarcinoma in American population [21] , ovarian cancer in Chinese population [12] and gastric cancer in Turkish population [9] . However, some of these reports are contraversial in the literature since some authors have reported negative results for ALL in Mexican patients [2] and gastric cancer in Korean population [22] . On the other hand, there are also same reports in which no association was found between Arg399Gln polymorphism and multiple myeloma [25] , B cell lymphoma [24] , lung cancer [11] , colorectal cancer in Turkish patients [9] and renal cell carcinoma in Caucasian patients [23] . In addition, there are studies indicating that the presence of Met/Met genotype for Thr241Met polymorphism is a risk factor for AML in Romanian population [26] and glioma in Chinese population [31] with contraversial reports for AML in Egyptian population [29] . However, some of the studies failed to find a significant Thr241Met polymorphism association with lung cancer in Caucasians and African-Americans [20] , colorectal cancer in Polish population [28] and oral cavity cancers in Brazilian patients [27] .
The contraversial results are due to many factors such as cancer type, selection criteria, ethnic differences and size of the population. In general, the risk of cancer depends on the involvement of several factors rather than the presence of a certain polymorphism [32] . Ethnic differences is one of the most important factor for allele frequency differences and knowledge of SNP frequencies in a population is a critical parameter for the estimation of interindividual differences and for the development of new individualize treatment and diagnostic approaches.
In the current study, allele frequencies which were observed for Arg399Gln and Thr241Met polymorphisms in Turkish population were compared with other ethnic groups. Compared to other populations (South Korea, German, Mexican, Egyptian, Japanese and African American), there are marked differences in genotype and allele [33] . The allelic frequency similarities between Turkish and Brazilian populations can be due to this ethnic heterogeneity. Turkish and Brazilian populations that carry the A allele more frequently compared to African population and other Caucasian/Asian populations may be expected to be more sensitive to exposure to environmental carcinogens.
On the other hand, T allele frequency for Thr241Met polymorphism in Turkish population (39 %) is similar with the other populations (Brazilian, Romania, USA, Italian and Polish). However, in Chinese population T allele frequency is low (25 %) . From this data it can be speculated that Chinese population which carry the C allele more frequently than the other populations may be expected to be more resistant to environmental carcinogens.
In conclusion, XRCC1 and XRCC3 polymorphisms do not associate with development of CLL in Turkish population. In addition carriers of both of the polymorphic alleles had not an elevated risk of CLL. Ethnic differences is one of the most important factor for allele frequency differences. The allelic frequency similarities were found between Turkish and Brazilian populations for Arg399Gln polymorphism. On the other hand, similarities were found between Turkish and other Caucasian populations for Thr241Met polymorphism. Marked differences were observed between American African versus Turkish and Chinese versus Turkish populations for Arg399Gln and Thr241Met polymorphisms respectively. However, in spite of these conclusions it should be kept in mind that 25 subjects/50 alleles is a very small sample size for a common malignancy like CLL and that 55 subjects/110 alleles may be insufficient to be a representative of Turkish population. These results can be valuable as a pilot study for the comparison of the similar studies in Turkey and also in other populations. On the other hand, although no significant relationship was identified, the number of cases in our study is limited and would need to be supported with additional studies with higher number of Turkish CLL patients.
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